Abstract
Introduction

22
Alternatives to fossil fuels have been developed in the past two decades. Biofuel carbon yield and specific 23BD production 1.8-and 2.4-fold, respectively. Additionally,
59
although the 23BD pathway was installed under the IPTG inducible promoter P L lacO 1 ,
60
23BD production was observed to be similar with and without IPTG [4, 7] . Upon further 61 investigation it was discovered that the 23BD pathway genes alsS and adh contain 62 hidden promoters, which cause constitutive expression [7] . The gene order of the 23BD 63 operon was rearranged to minimize these effects, establishing IPTG-dependent 64 production.
5
To supplement carbon and reducing equivalents for 23BD production, glucose 66 transporter or xylose transporter and degradation genes were expressed in the 23BD 67 producing strains allowing for sugar consumption [8, 9] . In high density cultures (OD 730 68 ~5), final titers from glucose or xylose were increased ten and eight fold, respectively. Propanediol is primarily used for co-polymer synthesis. The pathway originates with 80 dihydroxyacetone phosphate (DHAP) in the CB cycle (Fig. 1) reductively decarboxylated to make acetone, then reduced to isopropanol (Fig. 1 ). It has 99 been shown that chemicals derived from acetyl-CoA require production under dark, 100 anaerobic conditions in cyanobacteria so that glycolytic pathways are activated [13, 14] .
101
A five day dark phase was necessary to accumulate acetyl-CoA and acetate, and was 102 followed by a ten day light phase in which precursors were consumed to produce 103 isopropanol. The final titer was 146 mg/L, with average productivity of 0.6 mg/L/h.
105
Isobutanol
106
The isobutanol biosynthetic pathway was constructed in 7942 ( Fig. 1) 
Glycogen
163
Glycogen is a promising feedstock for biofuel production, and is naturally 164 accumulated in cyanobacteria for carbon storage. Cyanobacteria typically accumulate 165 glycogen in response to nitrogen-depletion by a two-step pathway in which glucose-1-166 phosphate is converted to glycogen by an ADP glucose pyrophosphorylase (GlgC) and 167 a glycogen synthase (GlgA) (Fig. 1) . 7002 was studied for its ability to accumulate production two-fold, but poly-3HB deletion had no effect [34] .
196
The enantiomer D-lactate is valuable as a precursor of thermostable polylactide, 197 which is used in the manufacture of biodegradable plastics and artificial biological 
224
3HP production was also attempted in 6803. In the engineered pathway, malonyl-
225
CoA is doubly reduced to 3-HP by a single enzyme, malonyl-CoA reductase from
226
Chloroflexus aurantiacus [38] . The engineered strain produced 689 mg/L 3HP in 6 d. Genes for both squalene synthase (sqs) and squalene-hopene synthase (shc) were 303 characterized in 6803 (Fig. 1) (Fig. 1) .
313
Caffeic acid
314
Caffeic acid is a natural phenylpropanoid produced by various plant species, and 315 exhibits anticancer activity. Caffeic acid is produced from either tyrosine or 316 phenylalanine through the p-coumaric acid (Fig. 1) From both the glucose (galP) and xylose (xylEAB) strains, a significant increase in both 548 biomass accumulation, and 23BDO production was observed. 
567
Lactic acid production in 6803 was improved by optimizing gene expression, increasing 568 carbon flux and eliminating competing pathways. They were further able to increase 569 production by optimizing Ldh through site directed mutagenesis. Carbon partitioning to 570 lactic aid was increased from 5% to over 50%. 
